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Genome Sequence of the Oleaginous Red Yeast Rhodosporidium toruloides MTCC 457
Shailesh Kumar, a Hariom Kushwaha, a Anand Kumar Bachhawat, a,b Gajendra Pal Singh Raghava, a and Kaliannan Ganesan a CSIR-Institute of Microbial Technology, Chandigarh, India, a and Indian Institute of Science Education and Research (IISER), Knowledge City, SAS Nagar, Manauli, Punjab, India b
We report the de novo assembled 20.05-Mb draft genome of the red yeast Rhodosporidium toruloides MTCC 457, predicted to encode 5,993 proteins, 4 rRNAs, and 125 tRNAs. Proteins known to be unique to oleaginous fungi are present among the predicted proteins. The genome sequence will be valuable for molecular genetic analysis and manipulation of lipid accumulation in this yeast and for developing it as a potential host for biofuel production.
R hodosporidium toruloides (synonym, Rhodotorula gracilis; anamorph, Rhodotorula rubescensis) is an oleaginous yeast with characteristic red color due to the presence of carotenoids. It can accumulate lipids to a higher level (ϳ75% of dry weight under certain conditions) than most other oleaginous yeasts and fungi (2) . R. toruloides strains are haploids and exist in two mating types, a and A, making them potentially more amenable to genetic and molecular analysis (1, 5, 13) . Thus, R. toruloides offers many opportunities for being developed as an additional yeast model and synthetic biology platform to Saccharomyces cerevisiae, which, despite being extremely well studied, lacks several biochemical features of biotechnological importance that are present in the red yeasts. As a first step toward this end, and to better understand the oleaginous nature of this yeast, we report here its draft genome sequence.
The genome of the yeast Rhodosporidium toruloides MTCC 457 was sequenced using Illumina GAIIx at Genotypic Technology, Bangalore, India. The SeqQC (http://genotypic.co.in/SeqQC .html?mnuϭ1) and Fastx toolkit (http://hannonlab.cshl.edu /fastx_toolkit/index.html) were used to filter the data for high quality (cutoff read length ϭ 70%; cutoff quality score ϭ 20) and to remove adaptor sequences from raw reads. A total of 14,041,098 paired-end reads with a length of 66 nucleotides (nt) and 20,837,494 reads with a length of 72 nt were used for de novo genome assembly with SOAPdenovo v. 1.04 (7) to yield 644 scaffolds 20,090,673 bp in size with an N 50 contig length of 177 kb (at a hash length of 39). These scaffolds were split into 689 contigs (at gaps of Ͼ10 unknown nt) with an N 50 contig length of 74 kb. The draft genome with 62% GϩC content is predicted to code for 125 tRNAs by tRNAscan-SE. v. 1.23 (8) and 4 rRNAs (5S, 5.8S, 18S, and 28S) by nucleotide BLAST (15) and RNAmmer 1.2 (6) . We have also sequenced pooled RNA from cells grown under a variety of conditions with Illumina GAIIx technology and assembled the sequences into 8,412 transcripts with the help of genome scaffolds by TopHat (11) and Cufflinks (12) .
Gene prediction and annotation of the draft genome were done by the MAKER pipeline (4) using transcripts as evidence. Among the 5,993 predicted proteins (with a minimum length of 100 amino acids), 4,222 showed homologs in the Swiss-Prot database (at an E value of 10 Ϫ6 ). Malic enzyme and ATP-citrate lyase, reported to be critical for lipid accumulation (3, 9, 10) , are also present. Recent comparative genomic analysis has revealed that oleaginous fungi have additional pathways for synthesis of acetyl coenzyme A (acetyl-CoA), a key intermediate in fatty acid synthesis (14) . Orthologs of representative enzymes in these pathways, such as acyl-CoA dehydrogenase (fatty acid ␤-oxidation), isovaleryl-CoA dehydrogenase (leucine degradation), glutaryl-CoA dehydrogenase, and enoyl-CoA hydratase (lysine degradation), among others, are present in R. toruloides, suggesting that this yeast also has these pathways unique to oleaginous fungi.
Nucleotide sequence accession numbers. This whole-genome shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession number AJMJ00000000. The version described in this paper is the first version, AJMJ01000000.
